Abstract. In this work, we examine the environmental dependence of the u-, g-, r-, i-and z-band luminosities in the LOWZ sample of the Sloan Digital Sky Survey Data Release 10 (SDSS DR10). To decrease the radial selection effect, we divide the LOWZ sample into subsamples with a redshift bin size of ∆z = 0.01 and analyze the environmental dependence of luminosities for these subsamples in each redshift bin. It is found that all five band luminosities of the LOWZ galaxy sample in the redshift region z=0. 16-0.23 show substantial correlation with the local environment, especially in the redshift bins 0.19-0.20 and 0.20-0.21. The environmental dependence of all five band luminosities in the LOWZ galaxy sample becomes weak with increasing redshift, like the one in the apparent-magnitude limited Main galaxy sample.
INTRODUCTION
The luminosity-environment relation of galaxies has been the subject widely focused on Hamilton 1988; White et al. 1988; Loveday et al. 1995; Guzzo et al. 1997; Willmer et al. 1998; Norberg et al. 2001 Norberg et al. , 2002 Zehavi et al. 2002; Blanton et al. 2003 Blanton et al. , 2005 Hogg et al. 2003; Berlind et al. 2005; Zandivarez et al. 2006; Park et al. 1994 Park et al. , 2007 Deng et al. 2007a Deng et al. , 2008a Deng et al. ,b, 2009a Deng et al. , 2012a Deng 2012; Deng & Zou 2011 , 2014a . In the local Universe, many authors found that galaxy luminosity has a strong environmental dependence: luminous galaxies show a tendency to reside in dense environments, while faint galaxies tend to reside in low density regions (e.g., Park et al. 1994; Norberg et al. 2001; Blanton et al. 2003 Blanton et al. , 2005 Zandivarez et al. 2006; Deng et al. 2007a Deng et al. , 2008a Deng et al. ,b, 2009a . However, the luminosity-environment relation is a complicated one. Applying different approaches, Deng & Zou (2011) , Deng (2012) and Deng et al. (2012a,b) have shown that in the Main galaxy sample (Strauss et al. 2002) of the Sloan Digital Sky Survey (SDSS), the environmental dependence of galaxy luminosities does not follow a single trend for different bands, nor does it follow the same trend in different luminosity regions (e.g., Norberg et al. 2001; Deng et al. 2009a ). For the u-band, an opposite trend is observed: the galaxies luminous in the u-band exist preferentially in low density regions, while the galaxies faint in the u-band are located preferentially in high density regions. The abnormal environmental dependence of u-band luminosity is inconsistent with hierarchical models of galaxy formation which predict that bright galaxies should be more strongly clustered than faint galaxies (e.g., White et al. 1987; Kauffmann et al. 1997) . The Luminous Red Galaxy (LRG) sample (Eisenstein et al. 2001 ) of the SDSS is a sample of luminous intrinsically red galaxies that extends fainter and farther than the SDSS Main galaxy sample. Some authors demonstrated that the luminosity dependence of LRG clustering or the environmental dependence of the LRG luminosity have been controversial (e.g., Zehavi et al. 2005; Deng et al. 2007b Deng et al. , 2008c Deng et al. ,d, 2009b . For example, Zehavi et al. (2005) found that clustering properties of LRGs are dependent on luminosity, with more luminous LRGs being yet more strongly clustered. However, Deng et al. (2007b) and Deng et al. (2008c) showed that there is no correlation between the luminosity distribution of LRGs and the environment. One possible explanation for these differences is that earlier studies were generally affected by sampling fluctuations or bias of statistical method that are difficult to quantify.
The Baryon Oscillation Spectroscopic Survey (BOSS) of the SDSS-III (Eisenstein et al. 2011) provides a huge sample of luminous red galaxies (LRGs), which can be divided into two principal samples at z ≃ 0.4: a Low Redshift (LOWZ) sample and a Constant Mass (CMASS) sample. The LOWZ sample, with a median redshift of z = 0.3, is a simple extension of the SDSS-I and SDSS-II LRG samples (Eisenstein et al. 2001) to lower luminosities and can be used for comparison with the latter samples. The CMASS sample, with a redshift of 0.43 < z < 0.7, selects galaxies with roughly a constant stellar mass, and is a nearly complete sample of massive galaxies above z ≃ 0.4. Deng & Zou (2014a) examined the environmental dependence of u-, g-, r-, i-and z-band luminosities in the CMASS sample of the SDSS DR9 (Ahn et al. 2012) , and found that all five band luminosities are very weakly correlated with the local environment. To understand the luminosity-density relation in the intermediate redshift regime, we apply here the method of Deng (2012) for studying the environmental dependence of these five band luminosities in the LOWZ sample. This question clearly merits further investigation, based at least on the following two points. First, the space density of LOWZ galaxies is about 2.5 times that of the SDSS-I/II LRG sample. Statistical result obtained by such a larger sample apparently is more convincing than that of previous SDSS I and II LRG samples. Second, some studies demonstrated that the influence of environment on galaxy properties is likely to be fairly different in different redshift regions. For example, in the local Universe, galaxy colors and stellar mass strongly depend on the local environment (e.g., Brown et al. 2000; Zehavi et al. 2002; Kauffmann et al. 2004; Blanton et al. 2005; Li et al. 2006; Deng et al. 2008a Deng et al. ,b, 2009a Deng et al. , 2012c Deng et al. , 2013 , while in the intermediate and high redshift regions, these dependences are very weak (e.g., Cucciati et al. 2006; Grützbauch et al. 2011a,b; Deng 2014; Deng & Zou 2014b) . Thus, when exploring the environmental dependence of galaxy properties, the use of galaxy samples with different redshift regions is necessary.
Taking into account some disadvantages of the use of volume-limited samples, Deng (2012) applied the apparent-magnitude limited galaxy sample when exploring environmental dependence of galaxy luminosities. To decrease the influence of the radial selection effect on statistical results, Deng (2012) divided the entire apparent-magnitude limited galaxy sample into many subsamples with a redshift bin size of ∆z = 0.01, examined the environmental dependence of all the five band luminosities of the subsamples in each redshift bin, and found that all the five band luminosities apparently correlate with the local environment, especially in the redshift range 0.05 ≤ z ≤ 0.10. Some works demonstrated that, although the environmental dependence of galaxy properties in each subsample is likely to be greatly decreased, this dependence can still be observed if it exists (e.g., Deng 2012; Deng et al. 2012c Deng et al. , 2013 . Statistical results of these works also implied that environmental dependence of galaxy properties becomes weak with increasing redshift in the apparent-magnitude limited Main galaxy sample. The chief advantage of the Deng (2012) method is the ability to demonstrate the variation of the environmental dependence of galaxy properties with redshift.
The outline of this paper is as follows. In Section 2, we describe the galaxy sample. We present the statistical result obtained in Section 3. Our main results and conclusions are summarized in Section 4.
In calculating distances, we used a cosmological model with the matter density parameter Ω 0 = 0.3, the cosmological constant Ω Λ = 0.7, and the Hubble constant
SAMPLE
In this work, the data of the LOWZ galaxy sample was downloaded from the Catalog Archive Server of SDSS Data Release 10 (Ahn et al. 2014 ) by the SDSS SQL Search (http://www.sdss3.org/dr10/). We extract 163 682 LOWZ galaxies with the redshift 0.15 ≤ z ≤ 0.43 (with SDSS flag: BOSS TARGET1&1>0). Like Deng & Zou (2014a) did, we use model magnitudes. In all cases, galactic extinction corrections are applied, but without K-corrections. In this study, each subsample is limited to the redshift bin ∆z = 0.01. As indicated in Deng (2012), K-corrections are less important and can be ignored in such a small redshift range.
STATISTICAL RESULT
To characterize the local galaxy environment, nearest neighbor densities have been used by many authors. Following our previous works (e.g., Deng 2012; Deng et al. 2012c Deng et al. , 2013 Deng & Zou 2014a) , we measure the projected local density Σ 5 , which is computed from the distance to the 5th nearest neighbor within a redshift slice of ± 1000 km s −1 of each galaxy (e.g., Goto et al. 2003; Balogh et al. 2004a,b) , and divide the LOWZ sample into subsamples with a redshift bin size of ∆z = 0.01. In each subsample, we arrange galaxies in density order from the smallest to the largest, select approximately 5% of the galaxies, construct two samples at both density extremes according to the density, and compare the distributions of all five band luminosities in the lowest density regime with those in the densest regime.
In the previous works (e.g., Deng 2012; Deng et al. 2012c Deng et al. , 2013 Deng & Zou 2014a) , the histogram distributions and the Kolmogorov-Smirnov (KS) test were used to examine the environmental dependence of galaxy properties. The histograms can directly show the difference in the distribution of galaxy properties at both extremes of density, while the KS test can serve as a quantitative comparison which demonstrates the degree of similarity or difference between two independent distributions in a figure, by calculating a probability value. A large probability implies that it is very likely that the two distributions are derived from the same parent distribution. Conversely, a low probability implies that the two Table 1 lists the KS probability of all five band luminosities in the subsamples with a redshift bin size of ∆z = 0.01. As it was shown in Table 1 of Deng (2012) , in the apparent-magnitude limited Main galaxy sample of the SDSS, the KS probability of different luminosities in subsamples with a redshift bin size of ∆z = 0.01 is fairly small in the redshift region 0.02 ≤ z ≤ 0.10, except KS probability of g-band luminosity. Deng & Zou (2011) also found that KS probability of g-band luminosity is much higher than that of other band luminosities, and argued that this may be due to having different trends in different luminosity regions. Overall, the result of Deng (2012) showed that the environmental dependence of galaxy luminosities is very strong in the redshift region 0.02 ≤ z ≤ 0.10. Combining with the results from Deng et al. (2012c Deng et al. ( , 2013 , one can also observe that in the apparent-magnitude limited Main galaxy sample the environmental dependence of galaxy properties becomes weak with increasing redshift. Fig. 1 , but for the z-band absolute magnitude distribution at both density extremes in different redshift bins.
As shown in Table 1 , the KS probability in the redshift region 0.16 ≤ z ≤ 0.23 in general is very low, especially in the redshift bins 0.19 ≤ z ≤ 0.20 and 0.20 ≤ z ≤ 0.21, what implies that in this redshift region all five band luminosities of the LOWZ galaxy sample show substantial correlation with the local environment. Table 1 also shows that in the high redshift region, the KS probability of all five band luminosities rises considerably with increasing redshift. This means that the environmental dependence of all five band luminosities in the LOWZ galaxy sample becomes weak with increasing redshift, like in the apparent-magnitude limited Main galaxy sample. The substantial environmental dependence of galaxy luminosities in the redshift region 0.16 ≤ z ≤ 0.23 in the LOWZ galaxy sample seemingly is a continuation of that in the apparent-magnitude limited Main galaxy sample, while the minimal environmental dependence of all five band luminosities in the high redshift region in the LOWZ galaxy sample continues as far as the CMASS sample can reach. Statistical results of these three galaxy samples demonstrate the variation of the environmental dependence of all five band luminosities with redshift in a fairly wide redshift range.
In the z region of overlap (z = 0.15-0.20) between the Main galaxy sample and the LOWZ galaxy sample, the KS probabilities of the u-and g-band luminosities in the Main galaxy sample are much larger than those in the LOWZ galaxy sample (see Table 1 of Deng 2012) . This implies that in the Main galaxy sample these luminositydensity correlations are fairly weak (color-density correlation is also weak in this z-range, see Deng et al. 2013) , while in the LOWZ galaxy sample all five band luminosities show substantial correlation (but no color-density correlation, see Deng 2015) . These statistical differences are likely due to the Malmquist bias (Malmquist 1920; Teerikorpi 1997) in the apparent-magnitude limited Main galaxy sample. That is, an observer will see an increase in the averaged luminosity with increasing distance, caused by the fact that less luminous objects at large distances will not be detected. Thus, in the high redshift region, galaxies are restricted in a fairly narrow high-luminosity range. This greatly decreases the environmental dependence of these galaxy luminosities.
We also plot u-, g-, r-, i-and z-band absolute magnitude distributions at both density extremes in different redshift bins for the LOWZ galaxy sample. Because statistical properties of adjacent redshift bins are close, we only select one from both adjacent redshift bins (except 0.15 ≤ z ≤ 0.16 and 0.16 ≤ z ≤ 0.17). As shown in Figs. 1-5 , the environmental dependence of all five band luminosities in the redshift bin 0.20 ≤ z ≤ 0.21 is indeed the strongest. The feature of the histogram figures is in good agreement with the conclusion obtained by the KS test.
As shown in Figs. 1-5, at large z the mean luminosity increases with z and the distributions become narrower, what is obvious for the r-, i-and z-band luminosities. Although the LOWZ galaxy sample in general is not flux-limited, it still has the selection effect that is similar to the Malmquist bias in the apparent-magnitude limited Main galaxy sample. The above-mentioned trend is due to such a selection effect.
In the Main galaxy sample (Strauss et al. 2002) of the SDSS, Deng & Zou (2009) found that at fixed color, the environmental dependence of galaxy luminosity is greatly reduced, and showed that at a fixed luminosity, a strong environmental dependence of g-r color can still be observed. These results imply that the environmental dependence of galaxy luminosity is likely to be driven mainly by the color-density relation: a strong environmental dependence of galaxy luminosities is a combination of a tight color-luminosity relation and a strong color-density relation. In the intermediate and high redshift regions, the color-density relation is likely to be fairly weak (e.g., Cucciati et al. 2006; Grützbauch et al. 2011a,b) . Deng et al. (2008d Deng et al. ( , 2009c showed that u-g, g-r, r-i and i-z colors of LRGs are nearly independent of the local density. Deng (2015) found that all five colors of galaxies in the LOWZ sample are weakly correlated with the local environment. If the environmental dependence of galaxy luminosity of LRGs is still driven by the color-density relation, it should be very weak. However, in the redshift region 0.16 ≤ z ≤ 0.23, all five band luminosities of the LOWZ galaxy sample show substantial correlation with the local environment. This shows that these relations of LRGs are not as simple as the ones in the Main galaxy sample. Deng & Zou (2014a) demonstrated that u-, g-, r-, i-and z-band luminosities are very weakly correlated with the local environment in the SDSS-III CMASS sample, a high redshift sample of galaxies with a redshift of 0.43 < z < 0.7. In the present work, using the data of SDSS DR10 (Ahn et al. 2014) , we examine the environmental dependence of all five band luminosities in the SDSS-III LOWZ sample, a low redshift sample of galaxies with a redshift of 0.15 ≤ z ≤ 0.43. Following Deng & Zou (2014a) , we apply the method of Deng (2012) , divide the LOWZ sample into subsamples with a redshift bin size of ∆z = 0.01, and analyze the environmental dependence of all five band luminosities for these subsamples in each redshift bin. As demonstrated in Table 1 
CONCLUSIONS

